A simple procedure for approximating the input-output characteristic of non-linear electronic circuits is presented. Using this procedure, closed-form analytical expressions, in terms of the ordinary Bessel functions, are obtained for the output spectra of a non-linear electronic circuit resulting from a multisinusoidal input. Using these expressions, the non-linear performance of three basic MOSFET transconductance amplifiers is considered in an attempt to determine the transistor parameters for best linearity.
INTRODUCTION
It is frequently valuable in the design of analog signal processing circuits and systems to have an indication of the likely spectrum of output signals, including harmonics and intermodulation products, from a non-linear component of the system whose characteristics are known only in the form of an untractable mathematical expression relating its input and output variables. A widely used procedure for evaluating output spectra involves derivation of a high-order polynomial approximation to the available untractable mathematical expression and this, in turn, implies the use of sophisticated curve-fitting techniques that invariably demand extensive computing facilities It is the major intention of this paper to present such a procedure. In principal, the proposed procedure is based on approximating the non-linear component characteristics by a sine-series function. The coefficients of this sine-series function can be obtained using simple hand calculations. To illustrate the effectiveness of the proposed procedure, approximations of the non-linear characteristics of three widely used MOSFET transconductance amplifiers will be considered. Evaluation of the harmonic distortion performance of these amplifiers will be also considered in an attempt to determine the transistor parameters for best linearity.
PROPOSED APPROXIMATION
In general, the input-output characteristic of a non-linear electronic component will be available in the form of a mathematical expression. The development of the present approximation proceeds along empirical lines by comparing the truncated sine-series model of (1) (2) m-O where a is the electronic-component parameter that depends on its physical and dimensional properties. Closed-form analytical expressions other than (2) can also be used wherever appropriate. Thus, by combining (1) and (2) (1) 
Using (1) and (11-14), calculations were made and the results are shown in Fig.   2 . From Fig. 2 , it is obvious that the proposed approximation accurately represents the input-output characteristic of the weak inversion MOSFET transconductance amplifier shown in Fig. 1 Fig. 4 as this requires a single expression that stretches over the whole region of operation.
Using the procedure described in the preceding sections, (18) can be approximated by the sine-series function of (1) 
Using (1) 
where V B/2. Using (7-9), (19-22), and (17) the total harmonic distortion defined by (17) was calculated for different values of the parameter a and the results are shown in Fig. 6. From Fig. 6 , we can see that the optimum value of a for best linearity performance, that is minimum THD, is 9.2. This value is different from the 6.7 conjectured by Krummenacher et al. [3] . 4 .3. Example 3 Consider the source-coupled pair of Fig. 7 . Assuming that the two transistors are working in the strong inversion, the current-voltage characteristic of the sourcecoupled pair can be expressed as [4] io,t 2,t,V'a-v2o Fig.   8 . From Fig. 8 , it is obvious that the proposed approximation accurately represents the input-output characteristic of the source-coupled pair of Fig. 7 . Now, consider a source coupled pair excited by a single sinusoid of the form of (23). Using (7-9) and (25-28), the relative third-harmonic and fifth-harmonic distortions expressed by 13/11 and I5/I were calculated and the results are shown in Fig. 9 . From Fig. 9 , we can see that, as expected from Fig. 8 Fig. 7 the current Is or decreasing the parameter/3, which in-turn depends on the physical parameters and dimensions of the devices.
CONCLUSION
In this paper, a simple procedure has been presented for approximating the nonlinear input-output characteristics of electronic circuits. In principal, the non-linear characteristics is represented by a sine-series. The coefficients of this sine-series can be easily calculated using simple hand calculations. Using this sine-series approximation, the harmonic and intermodulation performance of non-linear electronic circuits can be predicted using closed-form analytical expressions. These expressions are simple and the Bessel functions involved can be computed either by built-in subroutines in the mainframe computers or by using trigonometric approximations for the Bessel functions [5, 6] , which are especially convenient for personal computers and pocket calculators. The analytical expressions obtained in this paper can be used for quantitative study of the effect of the device parameters -60 -60 
